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Abstract

Prevalence of age-dependent diseases such as asthma is confounded not only by aging effects but
also by cohort and period effects. Age-period-cohort (APC) analysis is commonly performed to isolate
the effects of these three factors from two-way tables of prevalence by age and birth cohort. However,
APC analysis suffers from technical difficulties such as non-identifiability problems. We isolated the
effects of these three factors in a step-by-step manner by analyzing Japan’s school health data collected
from 1984 to 2004 focusing on asthma prevalence among school children aged 6-17 years consisting of
30 birth cohorts (entering classes). We verified the accuracy of our method showing high agreement of
the observed age-, period- and cohort-specific data and the data predicted by our method. The aging
effects were found to follow cubic equations whose multinomial coefficients were determined by an
optimization technique. The obtained aging effect curves of age-specific asthma prevalence showed
that boys reach the peak prevalence at 13 and girls at 14, declining markedly afterward. The cohort
effects, defined as the arithmetic asthma prevalence means for ages 6—17 years, showed consistent
upward trends for the 30 birth cohorts born in 1968-97 for both sexes. The period effects showed a
consistent decline since 1984 but abruptly increased in 1999 and then declined again. We were not able
to identify the exact cause of the increase in 1999, therefore, this should be examined in the future
studies. Because the cohort effects show no sign of leveling off yet, asthma prevalence will likely

increase in the foreseeable future.
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Introduction

Asthma prevalence is said to be increasing in most
developed countries (1), although Asian countries tend to have
lower prevalences than western countries (2) with some spo-
radic reports of decline (3). Tanihara described the increasing
morbidity (number of patients under treatment per population)
of asthma in Japan since 1984 (4) and reported the economic
impact of increasing asthma prevalence on Japan’s national
medical care expenditure (5). Overall, asthma is considered as
one of the most important childhood diseases in developed
countries (6).

Long-term trends of prevalence over different birth cohorts
are difficult to determine simply by analyzing two-way tables

Received Nov. 18, 2006/Accepted Mar. 5, 2007

Reprint requests to: Etsuji OKAMOTO

National Institute of Public Health, 2-3-6, Minami, Wako-shi, Saitama 351-
0197, Japan

TEL: +81(48)458-6208, FAX: +81(48)469-0326

E-mail: atoz@niph.go.jp

119

of prevalence broken down by age and period of survey because
the obtained data are confounded by not only cohort effects
but also period effects. Moreover, age-specific prevalence is
inherently affected by physiological aging effects.

Environmental factors that accumulate over the long term
for the same birth cohort (such as dietary habits) are referred to
as “cohort effects”. Cohort effects may differ among different
birth cohorts but the differences cannot be illustrated only by
following the diagonals in two-way tables because the data in
each cell is confounded by aging and period effects.

Aging effects are changes during the course of aging,
reflecting mostly physiological and pathological characteristics
of the human body and diseases. Period effects reflect tempo-
rary changes of environmental factors such as epidemics of
influenza, changes in temperature, pollen density or diagnostic
criteria. Because cohort effects reflect long-term cumulative
environmental exposures, failure to clarify such effects properly
may lead to misinterpretation of the etiology of a disease,
particularly for chronic diseases such as asthma.

Epidemiologists have attempted to isolate age, period and
cohort effects from typical two-way tables by ‘“age-period-
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cohort (APC)” analysis and mainly applied this method to the
analyses of rare but stable data such as cancer mortality. On
theoretical aspects, APC analysis has a mathematical noniden-
tifiability problem: because birth cohort is a linear function of
age and calendar period, the APC model cannot provide sepa-
rate, simultaneous estimates of these three parameters. To
solve this problem, a variety of solutions had been proposed,
such as the penalty function approach (7), individual records
approach (8), “deviations, curvatures and drift” approach (9),
and Bayesian-Poisson APC modeling (10), all of which assume
certain conditions to overcome the nonidentifiability problem.

We attempted to apply APC analysis to the examination of
the prevalence of asthma, a common and chronic disease with a
medically reasonable condition: aging effects are held constant
over the observed birth cohorts.

Materials and Methods

We dealt with asthma prevalence obtained from school
health data with sufficiently large sample sizes. School health
data have some advantages that enable APC analysis more
affordable for the following reasons.

1) Nonoverlapping of cohorts

Pupils are enrolled to a school once; thus, making them
nonoverlapping and clearly defined cohorts. Robertson and
Boyle demonstrated that unique solutions are obtainable if
individual records are available thereby permitting nonover-
lapping cohorts (11). We were not able to obtain individual
data but we were able to estimate aging effects better because
of the nonoverlapping among cohorts.
2) Short time intervals of cohorts

Short time intervals (one year) enabled us to elucidate
period effects better than longer time intervals. In comparison,
most cancer mortality statistics are available only in five- or
ten-years intervals.
3) Clear aging effect

The ages of school children are limited to 617 years, a
period of active growth. This means that aging effects on
asthma prevalence are more evident than, for example, aging
effects on cancer mortality in old age. This is an important
precondition for our assumption that aging effects can be held
constant over different cohorts.

Our model relies on the assumption that aging effect
remains constant throughout different birth cohorts. The
rationale behind this assumption is that the physiological aging
(i.e., growing) process and susceptibility to diseases would not
change over a limited time particularly during the growing
period. That is, the sharp increase and decrease in asthma
prevalence for ages 6—17 years may be viewed as part of the
growing process. If the growth pattern of children is indepen-
dent of period and cohort effects, it is possible to extract aging
effects from a part of cohorts, and it is not necessary to analyze
the entire cohorts at a time (note that the nonidentifiability
problem arises when one tries to analyze the effects of the three
factors from the entire cohorts simultaneously).

Our study involved 12 age groups (6—17 years old), 30
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birth cohorts (born in 1968-1997) and 21 survey periods
(1984-2004) but only the 10 central birth cohorts included the
entire age groups and survey periods. The adjacent 20 birth
cohorts were affected by aging and period effects not included
in our study. We attempted to identify the parameters of the
three effects in a step-by-step manner with the following
assumptions: aging effects remain constant throughout the
cohorts and can be estimated from the 10 central birth cohorts
with complete age-specific data.

The data were obtained from the School Health Survey
Report (SHSR) compiled and published by the Ministry of
Education, Culture, Sports, Science and Technology. It is a
nationwide sampling survey of the national population of
school children aged 617 (12 age groups).

The survey is conducted as part of routine health checkups
by doctors in April-June every year. The definition of asthma is
“currently under treatment or presenting symptoms” and is not
based on lifetime incidence. However, the diagnostic criteria
are not well defined and clinical diagnosis is largely left to
examining doctors.

We used the 19842004 data involving 30 birth cohorts
born in 1968-97 (we excluded the birth cohorts born in 1967
and 1998 because they provided only one age-specific group).

Population of Japan's school children

The age- and sex-specific populations of Japan’s school
children in the years examined are shown in Table 1. The
largest cohorts are those born in 1973-74 who were 10-11
years old in 1984 numbering more than one million. However,
the size of recent cohorts has decreased to about 600,000,
reflecting Japan’s declining birth rate. Senior high school
education (ages 15—17) is not compulsory and the population
size of children aged 17 years is approximately 10% smaller
than that of children aged 14 years in the same birth cohort.
Note that if the presence of asthma adversely affects school
admission, it will underestimate asthma prevalence for senior-
high-school ages.

Prevalence of asthma
The age- and sex-specific prevalences of asthma are
shown in Table 2. This table is the main focus of analysis.

Sampling rate

SHSR did not include data on the sample size until the
1991 report. SHSR started to include sample size data from the
1992 report but it only provided rough aggregated numbers for
three different school types (primary school, junior high school
and senior high school) as shown in Table 3. Because the
sample size remains rather constant, the sampling rate differs
from year to year reflecting a changing population size. The
smallest rate is 4.8% for senior high school in 1984 and 85, and
the largest rate is 10.3% for junior high school in 2004.

Error estimate

SHSR includes no reference to error estimation after the
1994 report but did include a brief description of errors until
the 1994 report: “the sampling errors are 0.05-0.07% for a
prevalence of 1%, 0.16—-0.21% for a prevalence of 10%, and
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Table 2 Age- and sex-specific prevalences (%) of asthma among Japan’s school children

AGE 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004
BOYS 6 1.05 122 1.19 132 139 1.53 139 146 1.70 1.61 1.86 194 225 251 3.02 3.56 3.55 3.43 3.50 3.85 4.13
7 1.05 144 1.03 126 133 124 140 121 140 1.55 1.71 1.86 191 211 282 3.15 324 321 329 3.67 3.86
8 094 1.08 1.12 1.13 124 125 1.09 1.25 129 134 1.54 1.53 191 2.02 296 3.15 3.06 3.14 322 3.64 3.75
9 1.06 099 1.09 1.13 122 126 130 128 136 135 1.54 1.57 190 2.04 2.65 3.02 2.76 2.86 3.02 3.38 3.71
10 1.01 096 099 1.21 1.17 1.12 1.22 123 126 145 155 1.57 1.86 1.85 2.66 3.05 2.86 3.05 3.16 3.47 3.60
11 099 1.18 1.08 1.18 124 129 121 1.17 141 121 157 1.61 1.67 191 257 287 283 2.79 3.07 3.35 3.57
12 098 1.06 1.06 127 121 128 1.47 136 1.69 148 1.82 1.87 222 207 237 3.04 2.52 277 3.08 325 3.42
13 080 0.69 0.86 0.83 0.85 1.05 1.11 1.14 1.17 1.17 1.53 1.63 1.70 1.73 1.68 242 2.01 2.19 2.58 2.86 2.75
14 062 057 0.57 0.65 0.67 0.82 096 1.06 1.11 095 138 1.60 1.46 1.41 1.73 2.08 1.97 2.13 243 247 254
15 040 035 039 0.56 0.57 0.53 0.62 0.71 0.85 1.09 1.15 1.07 1.14 1.19 138 1.84 1.81 1.83 1.77 1.49 194
16 026 022 035 034 040 033 042 042 053 076 0.79 090 0.69 1.01 1.11 1.23 136 144 139 128 1.66
17 028 0.15 024 037 030 029 035 046 045 0.55 0.68 0.65 0.81 0.76 095 1.10 1.15 125 141 128 1.31
GIRLS 6 0.66 0.74 0.75 0.82 0.94 092 085 0.88 1.00 0.91 1.17 1.28 1.51 1.48 2.09 228 2.15 2.10 233 241 2.60
7 079 0.65 0.73 0.72 0.79 0.77 0.87 0.82 0.99 1.02 1.11 1.16 1.19 1.58 1.75 1.99 193 2.14 230 2.37 2.5I
8 0.60 091 0.67 0.70 0.85 0.79 0.76 0.81 0.94 099 098 1.08 1.22 1.13 1.69 2.06 1.88 191 225 2.07 2.31
9 0.68 0.75 0.65 0.70 091 0.72 0.85 0.80 0.79 0.87 1.17 1.14 128 1.34 1.62 2.06 1.89 1.71 2.00 233 2.20
10 0.68 0.68 0.53 0.77 0.85 0.75 0.87 090 0.87 0.83 0.94 0.98 135 1.17 1.82 190 1.66 1.96 2.06 2.12 229
11 0.69 052 071 0.71 0.63 0.76 0.73 0.81 0.88 0.77 097 0.88 0.99 1.10 1.43 1.78 1.51 1.80 1.70 1.97 2.10
12 060 064 0.77 0.72 0.75 0.89 0.87 0.83 1.19 091 1.14 125 134 136 144 1.74 1.62 1.67 1.84 1.89 2.02
13 047 054 054 049 0.62 0.68 0.79 0.86 0.82 0.78 0.86 1.18 1.08 096 131 1.54 1.35 1.53 1.54 190 1.72
14 050 0.51 0.53 0.55 0.55 0.69 0.67 0.80 0.76 0.70 1.03 1.05 1.04 099 124 136 1.37 134 157 150 1.87
15 033 036 032 035 052 0.56 0.55 0.66 0.88 0.77 0.93 0.80 0.97 098 123 132 135 1.23 144 141 1.37
16 022 0.14 022 025 029 041 037 049 056 0.63 0.59 0.65 0.69 096 0.89 1.16 1.09 1.25 1.08 129 1.17
17 0.16 022 029 026 0.31 038 040 046 054 046 049 0.62 0.67 078 1.00 1.03 1.11 0.93 1.09 1.19 1.24
Source: Japan’s School Health Survey
Table 3 Sample size and sampling rate
School type 92 93 94 95 96 97 98 99 2000 2001 2002 2003 2004
SAMPLE SIZE primary 528931 530494 526343 523830 520027 514428 520334 510339 507929 509617 502870 506437 498910

junior high 394971 394994 391586 390931 391446 393575 391062 390804 386325 383589 380495 380814 375594

senior high 246343 240184 234074 226640 222009 216389 211353 207976 208763 204132 200243 198477 197200
SAMPLING RATE (%)  primary 5.91 6.05 613 626 642 655 679 680 690 698 695 7.01 6.93
junior high 7.84  8.14 837 855 8.65 878 893 921 9.41 9.61 9.85 10.16 10.25
senior high 4.75 482 484 482 4091 498 499 497 504 506 513 524 534

Source: Japan’s School Health Survey

0.27-0.34% for a prevalence of 50% depending on the sample
size”. These are absolute terms and can be expressed in relative
terms as 5-7% for the prevalence of 1%, 1.6-2.1% for the
prevalence of 10% and 0.54—0.68% for the prevalence of 50%.
Because the prevalence of asthma is generally less than 1% and
can be as low as 0.14% (for 16-year-old girls in 1985), it can be
subject to larger sampling errors.

Although sampling rates are not available in and before the
1991 report, we attempted to estimate age- and sex-specific
standard errors in and after the 1992 report. We attributed the
school-specific aggregate sampling rate to age-sex groups
because sampling was carried out in a stratified and systematic
manner. Because asthma prevalence is generally small (the
largest rate is 4.13% for 6 years-old boys in 2004), it is safe to
assume a Poisson distribution in which the mean and variance
are similar.

For example, the population of 6-year-old boys in 2004
was 609,079 and the sample size was estimated to be 42,199
because the overall sampling rate for primary school was 6.9%.
The number of asthmatics would have been 1743 given the

prevalence of 4.13% (*"42,199 x 4.13% = 1,743). Under the as-
sumption of Poisson distribution, variance is also 1,743 and
standard deviation is 41.75 (=V1743) or 2.4% of error rate.

All the age- and sex-specific error rates are shown in Table
4. The lowest error rate is 2.4% for a prevalence of 4.13% (6-
year-old boys in 2004) and the highest is 7.33% for a preva-
lence of 0.46% (17-year-old girls in 1993). When compared
with the above brief description in the report, our estimated
standard error rates are higher than the reported values. Because
the prevalences of asthma in and before the 1991 report are
lower than those prevalences after 1991, one expects standard
error rates to be much higher than 7.33% for low prevalences in
earlier years.

We used a step-by-step approach to isolate the APC effects
whose outline is summarized in Fig. 1.

Let i denote age (617 years, or (i-5)th age), j the jth
period, and k the cohort born in the kth year. We propose a
model in which the asthma prevalence of the kth cohort at the
age of i in the jth survey period, Rijk(%), can be predicted as a
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Table 4 Age- and sex-specific error rates of asthma prevalence (%)

APC Analysis of Asthma Prevalence

AGE 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004

BOYS 6 3.71 3.83 3.59 3.52 3.31 3.13 2.80 2.59 2.59 2.57 2.61 2.46 2.40
7 4.02 3.84 3.69 3.56 3.50 3.38 2.90 2.74 2.70 2.70 2.64 2.54 2.47

8 4.13 4.06 3.83 3.87 3.47 3.37 2.80 2.74 2.76 2.72 2.71 2.49 2.53

9 4.01 3.99 3.76 3.75 343 3.32 2.89 2.77 291 2.83 2.78 2.63 2.49

10 4.17 3.84 3.70 3.69 3.41 3.44 2.85 2.69 2.83 2.75 2.70 2.58 2.56

11 3.89 4.20 3.66 3.59 3.53 333 2.86 2.74 2.77 2.84 2.75 2.61 2.56

12 3.01 3.24 291 2.84 2.60 2.71 2.56 2.26 2.49 2.38 2.28 2.21 2.14

13 3.56 3.55 3.14 3.05 2.97 2.93 2.98 2.49 2.75 2.65 2.43 2.33 2.39

14 3.60 3.88 3.23 3.04 3.20 3.23 2.90 2.64 2.73 2.64 2.48 2.45 2.46

15 5.36 4.75 4.68 4.95 4.86 4.78 443 3.86 3.91 3.96 4.06 4.44 3.89

16 6.80 5.75 5.69 5.42 6.25 5.28 5.09 4.85 4.59 4.51 4.64 4.84 4.27

17 7.28 6.73 6.16 6.39 5.76 6.03 5.54 5.23 5.07 4.88 4.61 4.86 4.82

GIRLS 6 4.96 5.22 4.64 443 4.13 4.17 3.45 3.31 3.40 3.37 3.27 3.18 3.09
7 4.89 4.85 4.69 4.62 4.54 4.00 3.77 3.53 3.58 3.39 3.22 3.23 3.13

8 4.95 4.83 4.92 4.71 4.45 4.61 3.80 3.47 3.61 3.57 3.32 3.38 3.29

9 5.38 5.08 441 4.51 4.27 4.20 3.78 3.44 3.60 3.76 3.50 3.24 3.30

10 5.13 5.19 4.86 4.77 4.09 4.42 3.54 3.49 3.80 3.51 343 3.39 3.29

11 5.05 5.39 4.77 4.97 4.69 4.49 3.93 3.57 3.89 3.63 3.78 3.49 3.42

12 3.68 4.23 3.77 3.56 3.43 3.42 3.36 3.06 3.18 3.13 3.02 2.96 2.85

13 4.35 4.46 4.29 3.66 3.81 4.02 3.45 3.20 343 3.24 3.22 293 3.09

14 4.45 4.62 3.83 3.84 3.88 3.94 3.50 3.34 3.35 341 3.16 3.21 2.94

15 5.35 5.73 5.28 5.80 5.34 5.33 4.75 4.62 4.59 4.90 4.57 4.64 4.71

16 6.63 6.34 6.60 6.39 6.26 5.41 5.68 4.99 5.13 4.86 5.31 4.88 5.15

17 6.62 7.33 7.24 6.51 6.31 5.93 5.38 5.38 5.15 5.64 5.26 5.08 5.01

product of three functions: aging effects A(i), period effects Rijk = (20%i" + al *i™ + - + an)*C(k) @)

P(j), and cohort effects C(k).

Rijk = A(i)*P(j)*C(k) Q)

There is a linear relationship among i, j and k. If there
are [ periods and m age groups, k=I1+m—-1=j—-i+5+m.
Because of this linear relationship, only two parameters out of i,
J, k are necessary to define Rijk. In our study, 1=21 and m=12
making k=32, but we excluded two birth cohorts leaving 30
birth cohorts.

We defined the three functions as follows.

1) Cohort effects, C(k)

We defined the cohort effects, C(k) as the arithmetic
asthma prevalence means of the kth cohort between 6 to 17
years old, for which school health data are available.

For birth cohorts born in 1978-87 for which age-specific
asthma prevalence data are complete, the arithmetic asthma
prevalence means can be calculated. Although these values can
not be viewed as exact cohort effects because they are affected
by unknown period effects, they should give good initial
estimates of the cohort effects of the 10 birth cohorts.

2) Aging effect, A(i)

We extrapolated a polynomial function that best predicts
Rijk from the 10 central birth cohorts born in 1978-87 for
which complete age-specific asthma prevalences are available.

We applied polynomial functions of the 1st order to the 4th
order to Rijk and compared their ability to predict aging effects
(performance) on the basis of the residual sum of square (RSS),
between the observed Rijk and predicted Rijk (an overhead dot
denotes a predicted value).

Rijk predicted from the polynomial function of the Ith
order is expressed as follows.

Its performance is measured using the following RSS (12). Note
that j is not included in the formula due to the linear relationship
among i, j and k:

RSS = 3 ¥ (Rijk - Rijky?

i=6 j

3)

We used Excel Solver to obtain the coefficients, a0, al, a2
... an to minimize RSS values, which are shown in Table 5. For
both boys and girls, the polynomial functions of the 3rd order
(cubic equation) yielded the least RSS and were hence deemed
to be the best predictors of aging effects. The cubic equations
used to predict aging effects of asthma prevalence (%) at the
age of i, A(i), are expressed as follows (Fig. 2):

for boys: A(i) = —0.002*i* + 0.066*i* — 0.603*i + 2.684
for girls: A(i) =—0.002*i* + 0.046*i* — 0.418*i + 2.035

For example, the asthma prevalence of boys born in 1978
at the age of 10 is predicted as:

Rijk = A(i)*C(k) = (=0.002*10° + 0.066*10?
—0.603*10 + 2.684)*1.121 = 1.177(%)

Note that the observed Rijk was 1.17%. We were able to
predict the unobserved Rijk because of missing i and j and
unobserved C(k) by fitting the cubic equation to observed Rijk
(shown as R in Table B in Fig. 1).

3) Period effects, P(j)

Period effect s on the kth cohort at the age of i in the jth
period are expressed as:

Rijk

Paik) = Rijk

“4)
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Table 5 Coefficients of polynomial functions and residual sum of square (RSS) values between observed and predicted asthma prevalences

Boys a0 al a2 a3 a4 RSS
Ist order —0.009 1.099 3.818
2nd order -0.010 0.231 —-0.157 2.364
3rd order —0.002 0.066 —-0.603 2.684 1.854
4th order 0.000 0.004 —-0.054 0.329 0.107 2.016

Girls a0 al a2 a3 a4 RSS
Ist order 0.018 0.789 2.039
2nd order —-0.005 0.138 0.164 1.679
3rd order —-0.002 0.046 -0.418 2.035 1.488
4th order 0.000 0.007 -0.095 0.627 —-0.736 1.575

y=a0*x"n+al*xNn—-1)+a2*x"(n—-2)+ - +an  where X is age

RSS is the residual sum of square value between observed and predicted asthma prevalences.

1.4
8 ~
2=
L7
g o —=—Boys
2 Qt?o —o—Girls
s
< —
g % : .\._/
2 S Arithmetic mean for ages 6-17 \
8 E
&=
5 =2
< ~
0.6

10

11

12
AGE

13 14 15 16 17

Fig. 2 Aging effects of asthma prevalence. Age-specific asthma prevalence expressed as ratio against the arithmetic mean (age 6—17). Source:

School Health Survey Japan.
for boys: —0.002*i3 + 0.066*i2 — 0.603*i + 2.684
for girls: —0.002*i3 + 0.046*i2 — 0.418*i + 2.035

Rijk predicted from aging and cohort effects are shown as R’ in
Table C in Fig. 3.

The overall P(j) is expressed as the geometric mean of
P(ijk) for all age groups, i.
4) Performance measures

The overall performance of our model was measured using

R? values between observed Rijk and predicted Rijk incorporat-
ing all three effects as shown by R” in Table D in Fig. 1.

m

P(j) =711

i

Rijk

Rijk ©)

Results

The overall performance of our model demonstrated R?
values of 0.970 for boys and 0.966 for girls, both of which were
satisfactory in predicting the age-, period-, and cohort-specific
asthma prevalence (R? value was 0.98 for both sexes even after
excluding 10 birth cohorts from which the coefficients were
derived).

The cohort effects of asthma prevalence, C(k), expressed
as the arithmetic age-specific asthma prevalence means for the

125

ages 6—17 in 30 birth cohorts born in 196897 are shown in Fig.
3. Obviously, consistent upward trends of asthma prevalence
are observed for both boys and girls. The birth cohort born in
1997 is predicted to have average asthma prevalences of
4.035% and 2.839% asthma prevalence for ages 6—17 years for
boys and girls, respectively.

The period effects for 1984-2004 shown in Fig. 4 showed
a consistent decline since 1984 but abruptly increased in 1999
and then declined again in both sexes. The pattern is similar for
both sexes, strongly suggesting that there had been temporary
environmental factors responsible for the high asthma preva-
lence among school children in 1999.

Discussion

A national sampling survey conducted in 2005 in Japan
reported annual prevalences of asthma among the 1st and 2nd
graders of primary schools as 15.9% for boys and 11.3% for
girls, and among the 2nd and 3rd graders of junior high schools
as 8.9% for boys and 8.5% for girls (13). These figures are
much higher than those reported in SHSR, but the discrepancy
is explained by the difference in period vs. point prevalence
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Fig. 3 Cohort effects of asthma prevalence. Arithmetic means of age-specific asthma prevalence (age 6—17) for each cohort. Source: School

Health Survey in Japan.
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Fig. 4 Period effects of asthma prevalence. Period effects are expressed as a ratio between observed prevalence and the prevalence expected

from aging and cohort effects. Source: School Health Survey in Japan.

(prevalence reported in SHSR is point prevalence).

The quality of data of SHSR may be evaluated by com-
paring them with those of other national surveys, such as the
National Household Survey (NHS). Health status is surveyed
every three years, the most recent of which was conducted in
June 2004, almost corresponding to SHSR in 2004.

NHS provides the estimated number of people who are
currently receiving medical care for various diseases broken
down by sex and 5-year-age groups. According to 2004 NHS,
the numbers of children aged 10-14 who were receiving care
for asthma were estimated to be 82,000 for boys and 52,000 for
girls. The corresponding figures of 2004 SHSR was 98,274 for
boys and 59,154 for girls (calculated by applying prevalence to
the population). SHSR appears to overestimate the number, but
with the large sampling error of the NHS (9% error rate for the
estimated size of 50,000) (14), the difference may be within
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permissible level. Overall, data quality of SHSR is sufficiently
reliable to warrant sound analysis.

Despite technical difficulties inherent in APC analysis, our
results showed a good performance of the method as evidenced
by high R? values. This reflects both the strength and weakness
of our method. School health data on young children show clear
aging (i.e., growth) effects which are easy to estimate. We
believe this is the reason why our method of estimating aging
effects yielded good results. This can also be a weakness: our
method may not be so accurate for the data of older populations
whose aging effects are less clear and more difficult to estimate
than those of children.

We proposed a valid approach in APC analysis applicable
to analyzing data of school-age children. School health data
include items on other diseases and health conditions, which
may be analyzed similarly. Because physiological aging effects
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of children should be the same across countries, our approach
has generalizability, which will benefit researchers of school
health or pediatrics worldwide. We demonstrated strong and
consistent upward cohort effects on asthma prevalence and
there remains an active debate on the cause of the global trend
of increasing asthma prevalence.

Asthma and nonspecific respiratory symptoms were first
attributed to air pollution, as first reported by Huber in 1954
who described “Yokohama asthma” (15) followed by Yoshida
who named “Yokkaichi asthma” (16) after the name of highly
polluted areas. The Japanese government established a collec-
tive civil damage compensation system known as the Air
Pollution Victims Compensation Act in 1974 (17). The pre-
sumed causal relationship between air pollution and asthma
was challenged by Namekata in 1987 (18), but as the ambient
air condition improved, a steady decrease in the prevalence of
respiratory symptoms such as cough and phlegm was observed
until 1985 by Shimizu (19). However, this declining trend was
reversed and an upward trend of asthma prevalence among
school children was reported by Yura despite improved ambient
air condition starting in 1985 (20).

Fortunately, the increasing prevalence or morbidity did not
translate into increased mortality. As Tanihara reported, there
have been consistent declining cohort effects on mortality
indicating that asthma has become a more common but a less
fatal disease. Indeed, asthma mortality for ages 5-39 years is
increasingly viewed as avoidable death and has been advocated
as an indicator of health care quality (21). However, there is an
on-going debate as to whether a new treatment has actually
contributed to the decrease in asthma mortality: Suissa attrib-
uted Japan’s declining asthma mortality among individuals
aged 5-34 to the introduction of a new drug (22) on one hand,
whereas Tanihara raised the possibility of an increase in asthma
mortality caused by beta2-agonists on the other hand (23).

Confusions over asthma prevalence arising from the
difficulties in isolating long-term cohort effects (such as air
pollution) and short-term period effects (such as change in
diagnostic criteria) from stable aging effects. Various methods
of APC analysis are hampered by technical difficulties, but we
demonstrated a method to overcome such difficulties by
isolating three factors in a step-by-step manner with satisfactory
performance.

Our results demonstrated that consistently upward trends
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of cohort effects had been observed at least for the cohort born
in 1968 for both sexes. However, such consistent upward trends
have been masked by fluctuating period effects, which tempo-
rarily and sharply increased in and around 1999. The exact
cause of this temporary increase in 1999 cannot be determined
from our analysis.

Lastly, one crucial question remains: what is the cause of
the consistent upward trends of cohort effects on asthma preva-
lence among school children? Some speculate that environ-
mental factors such as in-house smoking and domestic pets are
potential causes, but a cross-sectional study showed no effects
of these factors (24). Others suggest individual factors such as
physical activities, but a thorough review of existing evidence
failed to reach any definite conclusions (25). However, accu-
mulating epidemiological evidence suggests air pollutants such
as suspended particulate matter and nitrogen dioxide emitted
from motor vehicles are the likely causes of the consistent
increase in asthma prevalence, illustrated by a geographical
difference in asthma prevalence between children living along
a roadside and those living elsewhere (26). Our analysis was
not able to corroborate such claims because SHSR does not
provide geographical information of individual children but
such causal relationship may be confirmed by a large-scale
cohort study under way, namely a study on respiratory dis-
eases and automobile exhaust (SORA) (27).

Whatever the causes, the most alarming finding of our
study is that there is yet no sign of leveling off in the upward
trend of cohort effects, and this trend is masked by a recent
decrease in period effects after 1999. That is, younger pre-
schoolers will continue to have higher asthma prevalences than
their older siblings and we will continue to see a steady increase
in the number of asthmatic children in all school ages.

Our study does call for effective treatment and precau-
tionary measures to protect school children from potentially
harmful chronic conditions.
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